Genotyping of genetically modified mice and control of authenticity of the genetic background of congenic or coisogenic strains by polymerase chain reaction (PCR) is a routine procedure that can be performed with different tissue biopsies causing variable grades of trauma. In this study, some invasive and non-invasive sampling methods were compared, with the main focus on the impact on animal physiology. We compared ear punch, tail biopsy, hair plugging, mouth and rectum swabs and the simple restraint of the animals, scoring for the impact on heart rate (HR), core body temperature (BT) and motor activity by telemetry, during biopsy and for the following 6 h. Furthermore, in order to correlate the physiological impact with the practicability and reliability of the genotyping results, we performed a PCR analysis of the biopsy samples obtained by using the same collection procedures analysed by telemetry. All sampling methods and restraint induced significant increase in HR and BT and a slight increase in motor activity for 1 h, independent of the invasiveness of the method used. Genotyping of all biopsies allowed the proper identification of transgenic animals, tail biopsies, ear punches and hair follicles giving clear signals, the last method being fast, but also susceptible to cross contaminations during sampling by large numbers of animals. Restraint and all biopsy methods provoked similar physiological changes, indicating that the handling of the animals is of major importance and that the sampling procedure does not strongly influence the physiological parameters.
Genetically modified mice and mice carrying naturally occurring mutations are frequently used as animal models for studying the in vivo function of single genes. They provide powerful models for exploration of the regulation of gene expression as well as of cellular and physiological processes. One of the most important aspects of the work with genetically modified rodents is the need to genotype them in order to distinguish mice that carry a disrupted gene or a transgene from mice that do not. For this, a sufficient number of cells or a piece of tissue must be sampled from each animal in order to isolate genomic DNA. Genotyping is usually performed by molecular methods like polymerase chain reaction (PCR), Southern blot or dot blot techniques. In general, the genotyping methods need to be rapid and reproducible, and to allow the analysis of large numbers of animals.
The well-known and most popular method is the isolation of genomic DNA for PCR analysis from the tail tip of weanling mice (Hanley & Merlie 1991 , Henneberger et al. 2000 , Nagy et al. 2003 . In practice, less than 5 mm of the tail tip is cut with a pair of scissors or a sharp blade. The tail biopsy is inevitably regarded as an invasive procedure since nerves, bones/cartilage, connective tissue, ligaments and skin are being severed (Arras et al. 2007 ). In addition, this method may be problematic for repeated biopsy because a substantial part of the tail is lost by stepwise snipping. For this reason, different new sampling methods have been developed in the past years, taking particular care that these would be robust, economical and, if possible, reduce the discomfort to the animals. Furthermore, some of these techniques allow repeated sampling from the same mouse, if needed.
Further types of tissue, such as blood (Ohhara et al. 1994 , Gregory et al. 1995 , Campbell & Hess 1997 , toe (Busler & Li 1996 , Malumbres et al. 1997 ) and ear punches (Zeller et al. 1997 , Ren et al. 2001 can also be used for analysis, but these require a certain kind of invasive procedure, thus equally causing some tissue damage.
Alternatively, non-invasive tissue sampling methods have been developed in order to lower any potential long-term effects likely to be detrimental to the wellbeing of the mouse. PCR protocols using cells sampled without tissue damage from stool (Broome et al. 1999) , mouth (Irwin et al. 1996 , Zimmermann et al. 2000 , Meldgaard et al. 2004 , rectum (Lahm et al. 1998) or even from pulled out hair follicles (Ohhara et al. 1994 , Schmitteckert et al. 1999 ) have been described.
However, the effect of the various sampling procedures on the animals' physiology and wellbeing is still unproven especially by taking account of the feasibility of the genetic analysis after collection of the samples.
In this work, we primarily focused on the impact of the sampling procedures on the animal wellbeing, in particular by monitoring behavioural and physiological changes. In order to correlate the physiological impact with the practicability and reliability of the genotyping results, we performed PCR analysis of the different biopsy samples with previously published standardized protocols. This study demonstrated the impact exerted by the different tissue sampling methods on the animals following routine biopsy.
Material and methods

Animals and housing conditions
To compare the clearness, practicability and efficiency of five PCR protocols dedicated to the five different cell sampling methods, genotyping was performed in 40 offspring from the transgenic mouse line B6.Cg-Tg(ACTB-Bgeo/GFP)21Lbe/J (The Jackson Laboratory, Bar Harbor, Maine, USA). This transgenic line was generated by Novak et al. (2000) by electroporating a vector, which contained cytomegalovirus (CMV) enhancer/chicken beta-actin promoter, a loxP-flanked Bgeo reporter/SV40 polyadenylation signal segment and an enhanced green fluorescent protein (GFP) gene followed by a rabbit beta-globin polyadenylation sequence, into 129X1/ SvJ Â 129S1/Sv-derived R1 embryonic stem (ES) cells. ES cells expressing lacZ were selected and utilized in ES cell/diploid embryo aggregation, in conjunction with CD1 outbred embryos, resulting in chimeric animals (Novak et al. 2000) . This strain was backcrossed to C57BL/6J at the Jackson Laboratory (Bar Harbor, Maine, USA). The mice were imported in our facility from the Jackson Laboratory, and the colony was maintained by crossing hemizygous mice with C57BL/6J for approximately five generations. Mice were housed in groups of two to six per cage, and samples were taken from mice of both genders between four and five weeks old.
To investigate the impact of the different cell sampling methods on physiology and motor activity, 24 male HanIbm:NMRI mice were obtained from RCC (Research and Consulting Company, Biotechnology and Animal Breeding Division, Fullinsdorf, Switzerland) . Animals were delivered at the age of six weeks; after an adaptation period of two weeks, telemetric transmitters were implanted. The transmitter-bearing mice were housed individually; the experiments were conducted during a period from 12 to 24 weeks of age, with body weights ranging between 40 and 50 g. The animal room was isolated from electronic noise, and no disturbances (e.g. visitors or unrelated experimental procedures) were allowed. To avoid interfering influences, all necessary husbandry procedures were completed in the room three days before starting each experiment.
All mice were free of viral, bacterial and parasitic pathogens listed in the recommendations of the Federation of European Laboratory Animal Science Associations (Nicklas et al. 2002) . The health status was monitored by a sentinel programme throughout the experiments. Animals were kept in type three, open-top plastic cages with dust-free wooden bedding (Schill AG, Mutenz, Switzerland) and autoclaved hay (A Rvedemann, Oberembrach, Switzerland) as nesting material. They were fed a pelleted mouse diet (Kliba No. 3431, Provimi Kliba, Kaiseraugst, Switzerland) ad libitum, and had free access to sterilized drinking water. The light/dark cycle in the room consisted of 12/12 h (11:00-23:00 h) of artificial light. The climate was 21711C, with a relative humidity of 5075%, and with 15 complete changes of filtered air per hour. The studies were approved by the Cantonal Veterinary Office (Zurich, Switzerland). Housing and experimental procedures were in accordance with the Swiss animal protection law and conformed to the European Convention for the protection of vertebrate animals used for experimental and other scientific purposes (Council of Europe no. 123 Strasbourg 1985) .
Transmitter implantation
The TA10ETA-F20 radiotelemetry transmitters (Data Sciences International, St Paul, MN, USA), which are able to measure heart rate (HR), core body temperature (BT) and motor activity (ACT) in freely moving mice, were implanted as previously described (Spani et al. 2003) . Briefly, mice were anaesthetized with an intraperitoneally injected mixture of ketamine (Ketasol-100t, Dr Graub, Bern, Switzerland), xylazine (Rompunt, Bayer, Leverkusen, Germany) and acepromazine (Sedalint, Chassot, Belp Bern, Switzerland) at 100 mg/kg, 20 mg/kg, 3 mg/kg per body weight, respectively. The transmitter was implanted under aseptic conditions in the animals' abdominal cavity, and the sensing leads were positioned at the xiphoid process and between the muscles of the neck. Postoperative pain was treated with buprenorphine (Temgesict, Reckitt and Colman Products Ltd, Hull, UK), at a dose of 0.1 mg/kg body weight, injected subcutaneously twice per day for four days. Mice were allowed to recover for four weeks before the first experiment.
Telemetric data acquisition
Telemetric data were recorded with the Dataquest LabPRO version 3.11 program.
Short-term impact While conducting the experiment, the HR and BT were recorded for 4 s every 15 s, i.e. four measuring points of 4 s per minute. These intervals were also used for recording HR, BT and ACT in the 10 min pre-experimental and 10 min post-experimental phase, while the mouse was roaming free in its home cage but the experimenter was present in the animal room.
Middle-term impact For the investigation over the following 6 h, when the investigator had left the room and the animal was undisturbed in its home cage, the values of the HR and BT were sampled every 5 min for 30 and 10 s, respectively. ACT was recorded continuously and stored at 5 min intervals.
Baseline
The same intervals were used to determine the baseline values of the telemetric data of each proband on the day prior to each experiment.
Telemetric data analysis and statistics
Short-term impact The mean values of HR, BT and ACT were calculated from the 10 min Laboratory Animals (2007) 41 pre-and post-experimental phase. For the 2 min needed to carry out the experiment, only HR and BT were determined.
Middle-term impact HR, BT and ACT were calculated in 5 min intervals for 6 h after each experiment. An hourly mean of HR, BT and ACT was used for statistical comparison with the congruent baseline values.
Baseline Comparable with the experiments, the baseline values were calculated analogous to the congruent day time.
Data are presented as means, and bars indicate standard error of mean (SEM). Statistical analysis was carried out with the program, SPSS for Windows, version 13.0, using paired t-test. Effects were considered to be significant if the value of P was p0.01.
Experiments
Biopsies were taken from five different regions of the body. To exclude the interference of collateral invasive procedures on the measures of physiology and motor activity, animals with transmitter implants were not marked before or after an experiment. During the biopsies, the animals had to be restrained in order to take the sample without unnecessary additional injury while obtaining a sufficient amount of cells. Therefore, the restraining procedure itself was investigated in the transmitter-bearing animals as a separate experiment to verify the influence of this basic procedure separately. Thus, six experiments were conducted for telemetric measurements. The telemetric recordings started two days prior to the experiment by touching the animal with a magnet to switch on the transmitter. The day before the experiment, the animals were undisturbed to obtain stable baseline values. Individuals underwent the baseline, shortterm and middle-term measurements in consecutive order, i.e. telemetric recordings were finished at the end of the middle-term phase. Each individual carrying a transmitter was subjected to two experiments with a break of at least two weeks between the recording periods. Individuals were allocated in random order to the experiments, resulting in a group size of eight animals per experiment.
The mice that served for the comparison of PCR protocols underwent only one experiment per individual, but five experiments were conducted with a group size of eight per sampling method.
To avoid the influence of the circadian rhythm, all experiments were carried out between 14:00-15:00 h, in the animal's home room.
Experiments were defined as follows:
Restraint: The mouse was taken out of its home cage by grasping its tail near the basis and set on the cage lid. Then it was restrained by the scruff of its neck, lifted from the lid and held with one hand, so that it was firmly fixed and could not bite or considerably struggle or move its head.
Ear punch (ear tissue): The mouse was restrained and a piece of tissue of 2 mm diameter was punched out of the earlap and placed with a pair of forceps into a 1.5 mL tube. The ear puncher and the forceps were thoroughly rinsed with distilled water after every biopsy.
Tail biopsy (tail tip): To perform a tail biopsy, the mouse was restrained and 2-3 mm of the tail tip was cut with sharp surgical scissors directly into a 1.5 mL tube. No treatment for haemostasis was required as the bleeding was minimal. The scissors were thoroughly rinsed with distilled water.
Hairs (hair follicles): After restraint, hairs were plucked from the ventral body using anatomical forceps as previously described (Schmitteckert et al. 1999 ). Hairs were collected in a 1.5 mL tube containing 50 mL 50 mmol/L sodium hydroxide (NaOH). The forceps were thoroughly rinsed with distilled water and dried with a paper towel.
Mouth swab (buccal epithelial): Buccal epithelial cell sampling was performed using cotton sticks with 2 mm diameter (aluminum, Transwab, UK) as described formerly (Meldgaard et al. 2004 scraping of both inner cheeks. After scraping, the cotton stick top was cut and inserted into a 1.5 mL tube containing 0.6 mL of distilled water.
Rectum swab (rectal epithelial cells):
Mice were restrained and a disposable 1 mL plastic inoculation loop (2.0 mm diameter) was introduced into the rectum. The loop was turned around to obtain epithelial cells from the inner surface of the rectum. The tip of the loop was subsequently clipped into a 1.5 mL tube containing 500 mL of phosphatebuffered saline (Lahm et al. 1998) .
Animals were immediately returned to their home cage when restraint and sampling were finished. All probes from genetically modified mice were stored in tubes on ice for up to 2 h, and then kept frozen at -201C until PCR genotyping.
PCR analysis
Mouse ear tissues and tail tips were digested in 200 mL, 50 mL of lysis buffer (10 mmol/L Tris-HCl pH 9.0; 50 mmol/L KCl; 0.45% NP40, 0.45% TWEEN 20) and 5 mL proteinase K (10 mg/ml), respectively. The tissues were incubated between 2 h (ear tissue) and overnight (tail tip) at 561C. Lysates were heat inactivated for 15 min at 751C and 2 mL of the lysates were used for PCR analysis. Preparation of DNA from hair follicles was performed as described in the literature (Schmitteckert et al. 1999) . Hairs were collected at the bottom of the tubes by centrifugation, 50 mL of 50 mmol/L NaOH were added and the probes boiled for 5 min at 951C to dissolve genomic DNA. Two microlitres were used as template in a 20 mL reaction. Buccal epithelial cell: The cotton buds were allowed to soak for 1 min. After vortexing and brief centrifugation, each tube was opened, the cotton bud removed and disposed of by taking care to leave as much liquid as possible by pressing the bud against the inner wall of the tube. The released cells were pelleted by 5 min centrifugation at 100g. The pellet was resuspended in 28 mL of 0.1 mmol/L NaOH and incubated for 10 min at 751C on a heating block. The lysates were subsequently neutralized and diluted with 252 mL of 20 mmol/L Tris/HCl (pH 7.5). Of the neutralized lysates, 5 mL were used for a 20 mL PCR reaction (Meldgaard et al. 2004) .
PCR analysis of lysates of rectal epithelial cells was performed as described earlier (Lahm et al. 1998) . Epithelial cells were released from the loop by vigorous vortexing and were pelleted by centrifugation for 5 min (750g) at room temperature. The supernatant was discarded and the cells lysed overnight at 561C in 100 mL lysis buffer (20 mmol/L Tris/ HCl, 1.5 mmol/L MgCl 2 , 25 mmol/L KCl, 0.5% tween-20 (v/v) and 6mL proteinase-K (20 mg/ml in water). Prior to PCR, the probes were heated at 951C for 15 min, and 5 mL of the lysates was used for a 20 mL PCR reaction.
For all samples, PCR was performed in triplicates using a pair of primers amplifying a 394 bp long fragment used for the genotyping of the B6.Cg-Tg(ACTB-Bgeo/ GFP)21Lbe/J mice (LacZf2: 5 0 -CTG GAT AAC GAC ATT GGC GTA AG-3', LacZb5: 5 0 -AGA TCC CAG CGG TCA AAA CAG-3 0 ).
Results
Comparison of different PCR protocols for genotyping
The efficiency of detecting transgenic DNA by PCR was compared by using different sample material following already published protocols. For ear tissues and tail tips, a classical lysis buffer with proteinase K was used, whereas an alkaline lysis was used for the analysis of hair follicles, buccal and rectal epithelial cells. For the comparison, B6.Cg-Tg(ACTB-Bgeo/GFP)21Lbe/J mice (Novak et al. 2000) carrying a LacZ reporter gene were used, therefore a specific PCR for the LacZ gene was performed. In general, all PCR methods delivered results in all cases, and allowed the identification of the transgenic mice (Figure 1) . The strongest signals were obtained with DNA isolated from ear tissues, tail tips and hair follicles.
Effects of sampling on physiology and motor activity
In order to assess distress induced by the different sampling methods, telemetric measurements were conducted. Short-term progress of HR, ACT and BT are traced in Figure 2 .
The pre-experimental data were measured when the investigator was present in the animal's vicinity and the mice could perceive noise and movements, which is a clearly different situation compared with the baseline recordings, in which the animals were completely undisturbed. Some mice reacted to the disturbance with an elevation of HR and ACT, but others did not, which is expressed in a slight increase of mean HR and ACT combined with a relatively high SEM in the pre-experimental phase. Similarly in all experiments, the response to restraint and sampling procedures showed a maximum increase of the HR to values between 700 and 850 beats per minute with low SEM. Also, the ACT was markedly increased in the post-experimental phase in all experiments. BT needed a longer time to adapt to the situation, resulting in an extended slope.
The middle-term course of HR, ACT and BT is depicted in Figure 3 with the corresponding baseline values for comparison.
Statistical analysis revealed significance for the increase of HR and BT in the first hour after all experiments, whereas the elevation of ACT in the first hour occurred more or less in all experiments but was of no significance.
In summary, restraint as well as all five sampling procedures induced a marked response in physiology, exhibited by significant elevations of HR and BT. Motor activity behaviours were slightly increased. All aberrations were of a similar extent and lasted for 1 h, regardless of whether invasive or non-invasive manipulations were carried out on the animals.
Discussion
In the present study, we combined telemetric monitoring of the HR, BT and motor activity of the animals, in order to assess distress and impairment of the animals' wellbeing, together with a comparison between the different PCR techniques routinely used for genotyping.
The use of telemetry has recently gained increasing popularity as a method of identifying impairment to the animals' wellbeing using different parameters, e.g. HR (Butz & Davisson 2001) motor activity (Clement et al. 1989 , Jansen van't Land & Hendriksen 1995 , Hayes et al. 2000 , Butz & Davisson 2001 , BT (Clement et al. 1989 , Hayes et al. 2000 , thereby setting aside any overlapping external disturbances due to the presence of the investigator and/or manipulation of the animals.
In a preliminary study, we recorded several parameters indicative of impaired wellbeing during three days after tail biopsy and after rectum swab. The circadian rhythms of HR, ACT and BT, as well as body weight curves and the daily food and water intake, exhibited no hints on long-term distress due to tail biopsy (Arras et al. 2007 ) and rectal mucosa swabs (own unpublished data). Therefore, long-term measurements were omitted in the present study.
Telemetry revealed that all methods of sampling equally induce an increase in HR and BT, which lasted for only 1 h and then returned to their normal levels. However, Laboratory Animals (2007) 41 Figure 1 Representative picture of DNA extracts tested for the presence of the LacZ-transgene (8 animals out of 40). DNA was extracted from ear punch, tail biopsy, hairs, mouth and rectum swabs of the same animals. DNA from the negative and the positive animals was extracted and processed in parallel. The expected transgene PCR fragment is 394 base pairs long the capturing and the mere restraint of the mouse caused a similar increase of HR and BT for up to 1 h. Whether an invasive or noninvasive procedure was chosen, no changes indicating distress or considerable pain through injury could be detected.
In conclusion, with our measures, no benefit of non-invasive sampling over the more invasive sampling method was found; the results indicate that restraint itself was the most stressful intervention for the animals. Nevertheless, a proper restraining of the animal is mandatory in order to prevent injuries especially during the collection of mouth and rectal swabs. Uncontrolled, defensive movements of the animals can lead to biting of the tongue and damage of the rectal mucosa. In general, our experience shows that material collected with non-invasive methods occasionally contains some blood, raising the question of whether these methods can really be regarded as non-invasive. This, of course, depends strongly on the personal skills of the technician. However, the injuries are generally minor and insignificant compared with tail clipping, although the length of any tail biopsy must be considered. It was demonstrated (Zhuo 1998 , Hargraves & Hentall 2005 ) that the removal of 1/4 of an adult mouse's tail leads to long-term hyperalgesia (1/4 tail corresponds to ca. 2.5-3.5 cm). However, only 1-2 mm of the tail tip is required for PCR analysis, but whether this causes any long-term impairment to the mouse has not been documented to our knowledge. Since telemetry does not provide any evidence of harm, it is a matter of speculation that there are no long-term consequences for the animals' wellbeing.
It is important to prevent cross contaminations during the sample collection procedures, and this is a particular concern for hair sampling. In the everyday life laboratory, it has become evident that hair samples are the most difficult to handle, thus easily becoming a source of contamination. Hairs electrostatically stick to instruments, and are difficult to introduce into tubes. Therefore, it is necessary to carefully handle the probes and clean the instruments when switching from one mouse to another, which reduces the efficiency of sampling. Aside from this, it is very fast and from the PCR point of view, is the most favoured method and can therefore be reliably used but only for low numbers of animals or as an alternative for repeated testing.
In addition to the collection of small tissue samples for the isolation of genomic DNA, every mouse needs to be clearly marked because the identification of an individual in group-housed condition is essential and must be reliable in order to positively discriminate the transgenic mice after the PCR. Two different kinds of marking exist: permanent and transient. Because transient labelling, by ink on fur or tail, is very short-lived, permanent or long-term marking methods and devices are preferred in most cases. These methods are generally invasive, i.e. tattoos on tail or toes, subcutaneous transponders, ear tagging, ear punching or snipping. Our telemetric results indicate that ear clipping alone induces stress to animals, and if this has to be combined with a tail biopsy, the level of stress in the animals may be even higher. Thus, the most optimal method would be to rescue an ear punch in a tube and use it for the PCR analysis. This circumvents tail clipping and achieves two objectives in one step.
Successful PCR with clear results depends greatly on the amount of material (DNA yield) obtained from the biopsies. In our study, all the methods tested delivered sufficient amounts of genomic DNA necessary for the identification of transgenic mice. It is known that the efficiency of PCR amplification depends not only on the quality of the isolated DNA, but also on the isolation protocol, and that differences in the quality of PCR results in dependence of the laboratory involved can be observed. In general, it is important to optimize the PCR conditions according to the amount of cells that are available, for example by slightly increasing the number of PCR cycles. In this work we deliberately used already published protocols and decided to detect a locus that is widely used in transgenic animals, namely the LacZ gene. Our PCR results cannot be generalized for every locus, but based on our experience these protocols work well with most of the loci (data not shown). In order to give a general statement on genotyping quality, a blinded study involving different laboratories and detecting different loci will be necessary. Nevertheless, in this study the PCR analysis did not turn out to be the most critical factor, and all biopsy methods delivered a band. The clearest results were obtained with tail and ear DNA and with DNA isolated from hair follicles, with the last method being very fast.
In summary, telemetric measurements showed equal changes with all sampling methods used. Restraint of the animals alone already provoked a strong increase in physiological parameters indicating that mere restraint itself was enough to induce stress in the animals. In general, all procedures caused changes for only 1 h independent of whether the method was presumed to be invasive or not. Therefore, a middle/longterm impact on the wellbeing or considerable pain is not suggested from all sampling procedures, including tail biopsy of 2-3 mm. All PCR protocols used allowed a clear identification of the genetically modified animals independent of the biopsy material used for the isolation of the genomic DNA.
For this reason we think that the best option, from both the welfare of the animal and the experimenter's point of view, is the use of ear punches since almost all mice have to be marked, and ear punches can be collected and used for the genotyping. Hair samples can be useful for genotyping small numbers of animals, e.g. for re-checking or confirming the genotype of the animals before they are taken in biomedical experiments or after being transferred to another laboratory. We would also like to point out that if tail biopsies were used, it should not exceed 3 mm from the tail tip; the amount of DNA that can be obtained from such a biopsy is more than sufficient to successfully run a PCR analysis. Only in the case of Southern blot analysis should it be necessary to use longer tail biopsies.
Finally, the authors would like to underline that quiet and careful handling of mice and gentle sampling (regardless of the method chosen) will prevent unnecessary physical injury and anxiety in the animals.
